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INTRODUCTION. 


In a previous paper' complete analyses of a number of important 
American soils were presented and discussed chiefly from the point 
of view of the occurrence of rare elements seldom sought in soils. 
In that paper, although the analyses were presented under soil-type 
names and classified by soil provinces, the data were not considered 
sufficient to warrant any discussion of the chemical variation of soil 
types or of soil provinces. ; 

Since then, analyses of additional samples, for major constituents 
only, have been made, and it has seemed that these, together with 
those already ple ned: might furnish a basis for some general dis- 
cussion of the variation in chemical composition of American soils. 

The additional data, given for the first time in the present paper, 
include the results of the analysis of 45 samples, representing 18 
distinct soil types, distributed in 4 soil provinces. The samples come 
from 22 different localities in 8 States, and were taken with extreme 

care by men familiar with the various soils under field conditions. 


DESCRIPTION.OF SOILS ANALYZED. 


The sou-type names, location, character of samples, and short de- 
scription of the soils follow: 


1. Colorado sand. T.5 N., R. 65 W. Near Greeley, Col. Soil, depth 0 to 14 
inches. This type consists of old stream-borne material derived from the harder 


1U.8. Dept. Agr. Bul. No. 122 (1914). 
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rocks of the Rocky Mountains and deposited over extensive foot slopes, modified in 
places by residual material from underlying sandstone. It is adapted to fruit and 
truck crops where not too loose and subject to leaching. The spot where this sampie 
was taken had been cultivated, but supported only weeds at the time the sampling 
was done. Heavy crops of oats and alfalfa were growing on near-by fields. The 
sample is typical. 

2. Colorado sand, subsoil of No. 1, depth 14 to 36 inches. 

3. Oswego silt loam. Two miles northwest of Manhattan. Kans. Depth 0 to 14 
inches. This is a dark-gray soil occtipying level to gently rolling upland prairies. 
It is of residua! origin and derived irom shale, with occasional interbedded layers of 
sandstone or limestone and in places outcrops of bituminous coal. This sample was 
taken from a woodlot about 40 years old that had never been in cultivation. The 
productiveness of this type is fair. 

4. Oswego silt loam. Subsoil of No. 38. Depth 14 to 36 inches. 

5. Knox silt loam. T. 52 N., R. 34 W., 2 miles north of Farley, Mo. Depth 0 to 
14 inches. This soil is formed from wind-deposited glacial material. It occupies 
rolling to hilly areas which originally supported a hardwood timber growth. The 
sample was taken on a high-bluff from a field supporting a fair growth of clover. - This 
type produces good yields of wheat, corn, clover, and grass. 

6. Knox silt loam. Subsoil of No.5. Depth 14 to 36 inches. 

7. Memphis silt loam. Five miles southwest of Granada, Miss. Depth 0 to 6 
inches. This type occupies uplands and is subject to serious erosion. It is a pro- 
ductive soil. 

8. Memphis silt loam. Subsoil of No.7. Depth 6 to 36 inches. 

9. Memphis silt loam, smooth phase. Five miles northwest of Granada, Miss. There 
is very little difference between this soil and No. 7, except the difference in topog- 
raphy indicated by the name. This sample is a shade lighter than the typical. The 
subsoil is the same as that of typical specimens. The Jocality would indicate the 
close relationship between the soils. The productivity is good. 

10. Memphis silt loam, smooth phase. Suhsoil of No. 9. Depth 6 to 36 inches. 

11. Cahaba fine sandy loam. Three miles northwest of Fort Gaines, Ga. Depth 
0 to 12 inches. This type is alluvial in origin and occupies the older and higher 
terraces along the larger streams in the Coastal Plain of the Gulf States. It isa very 
important agricultural soil. The sample is typical, with the exception that the 
soil is somewhat too brown and the subsoil is nearly as red as the Orangeburg. 

12. Cahaba fine sandy loam. Subsoil of No. 11. Depth 12 to 36 inches. 

13. Cahaba very fine sandy loam. Minden, La. Depth 0 to 12 inches. This 
soil is formed in the same way as the Cahaba fine sandy loam, and except for its finer 
texture has the same characteristics. Soil and subsoil are typical. 

14. Cahaba very fine sandy loam. Subsoil of No. 18. Depth 12 to 36 inches. 

15. Norfolk sand. Near Montrose, S.C. Depth0to8inches. This type is formed 
from worked-over material coming from the higher-lying provinces. It is not pos- 
sible to trace its origin to any particular rock or formation. This type is not pro- 
ductive except when heavily fertilized. The sample analyzed was typical as regards 
the soil, but the subsoil was not so yellow as the typical subsoil. 

16. Norfolk sand. Subsoil of No. 15. Depth 8 to 36 inches. 

17. Orangeburg sand. One mile east of Day School, Terrell County, Ga. Depth 
0 to 10 inches. This type is formed from the worked-over material of the higher 
provinces. Its reddish color is characteristic. The subsoil is a reddish sand under- 
jain at a depth of 3 feet or more by a reddish sandy clay. It is not productive, except 
where it is well fertilized. The sample is typical. 

18. Orangeburg sand. Subsoil of No. 17. Depth 10 to 36 inches. 

19. Orangeburg sandy loam. Two miles east of Fort Gaines, Ga. Depth 0 to 12 
inches. The type consists of a medium grayish brown to reddish-brown sand. or 
light sandy loam, from 4 to 5 inches deep, resting on a red sandy clay subsoil usually 
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containing smal] gravel and iron concretions. It is of moderate productiveness, 
but needs applications of complete fertilizer to give the best results. The sampie 
analyzed was typical. There were iron concretions in this sample having well-pol- 
ished surfaces. 

20. Orangeburg sandy loam. Subsoil of No. 19. Depth 12 to 36 inches. 

21. Greenville sandy loam. Two miles east of Fort Gaines, Ga. Depth 0 to 10 
inches. The soil consists of a reddish-brown medium sandy loam, with a brick-red 
sticky sand to sandy loam subsoil, becoming heavier with depth. It is of sedimentary 
origin and derived from unconsolidated deposits of the Coastal Plain. This soil is 
one of the most productive soils of the upland Coastal Plain region. The sample 
analyzed was typical. There were in this sample iron concretions of about the same 
size and abundance as in the Orangeburg sandy loam. The surfaces of these concre- 


- tions, however, were rough, inclosing soil grains on the surface, which indicates that 


the proceés of formation is still going on, or that the concretions in the Orangeburg 
sample had been polished by water action since their formation. 

22. Greenville sandy loam. Subsoil of No. 21. Depth 10 to 36 inches. 

23. Norfolk fine sandy loam. One mile north of Elza, Ga. Depth 0 to 10 inches. 
This is a pale-yellow to gray fine sandy loam, underlain by a yellow fine sandy loam 
which grades into a light sandy clay at an average depth of 18 inches. It is derived 
from reworked material carried irom the higher-iying soil provinces. This soil is of 
moderate productiveness. The sample analyzed was typical, except that the sub- 
soil was more brownish red than yellow. 

24. Norfolk fine sandy loam. Subsoil of No. 23. Depth 10 to 36 inches. 

25. Norfolk finesandyloam. Three miles southwest of Murphy,Ga. Depth0to16 
inches. The general description given for No. 23 applies equally weil to this sample. 
The soil is somewhat too brown and the subsoil more brown than yellow, otherwise 
the sample is typical. 

26. Norfolk fine sandy loam. Subsoil of Sample No. 25. Depth 10 to °6 inches. 

27. Tifton fine sandy loam. One and three-fourths miles northeast of Bellville, Ga. 
Depth 0 to 12 inches. This type consists of a gray or yellowish-gray medium sandy 
loam, overlying an ocherous-yellow, heavier and more compact medium sandy loam. 
Both soil and subsoil contain iron concretions and the type is known as pimply land. 
The type is derived from unconsolidated Coastal Plain deposits. The Tilton soils are 
somewhat more productive than the Norfolk soils. The sample analyzed is typical, 
except for a slightly redder shade in the subsoil. 

28. Tifton fine sandy loam. Subsoil of No. 27. Depth 12 to 36 inches. 

29. Ruston fine sandy loam. One mile south of Minden, La. Depth 0 to 6 inches. 
The soil of this type is a light-eray or yellowish-gray fine sandy loam, underlain by a 
buff or reddish-yellow, somewhat mottled heavy fine sandy loam or sandy clay. 
The type is derived from unconsolidated sediments of the Eocene period modified 
by an admixture of Lafayette material. The productiveness is low. Both soil and 
subsoil are typical. 

30. Ruston fine sandy loam. Subsoil of No. 29. Depth 6 to 36 inches. 

31. Ruston fine sandy loam. One and one-fourth miles northeast of Bluffton, Ga. 
Depth 0 to 10 inches. The description given for No. 29 applies to this sample, which, 
however, approaches the Orangeburg in color characteristics, the soil being browner 
and the subsoil redder than normal. Otherwise the sample is typical. 

32. Ruston fine sandy loam. Subsotl of No. 31. Depth 10 to 36 inches. 

33. Susquehanna fine sandy loam. Two and one-half miles north of courthouse, 
Smith County, Tex. Depth0Oto12inches. The soil is a gray to brown fine sand or 
light fine sandy loam, resting on a red or yellowish clay, which is usually stiff and 
plastic and mottled in the lower depths. Iron concretions are found throughout the 
soil profile. The type has been derived principally from the underlying clays. It 
is rated as of medium productivity. The soil and subsoil are typical. 

34. Susquehanna fine sandy loam. Subsoil of No. 33. Depth 12 to 36 inches. 
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35. Susquehanna fine sandy loam. Eight miles northeast of Shubuta, Miss. Depth 
0 to 10inches. The description of No. 33 applies to this sample. Both soil and sub- 
soil are typical. 

36. Susquehanna fine sandy loam. Subsoil of No. 35. Depth 10 to 36 inches. 

37. Susquehanna fine sandy loam. Four miles south of Hartsfield, Ga. Depth 
0 to 12 inches. The description of No. 33 also applies to this sample. The subsoil 
does not seem to be as highly plastic as the average of the type; otherwise the sample 
is typical. 

38. Susquehanna fine sandy loam. Subsoil of No. 37. Depth 12 to 36 inches. 

39. Portsmouth fine sandy loam. Two miles south of Murphy, Ga. Depth 0 to 12 
inches. This is a black to rusty-brown, mucky, fine sandy loam, compact and heavy 
when wet. Large quantities of organic matter in all stages of decomposition are 
present. The type is formed from the worked-over material of the higher-lying 
provinces. When drainage conditions are favorable, the fertility is fairs The soil 
and subsoil are typical. 

40. Portsmouth fine sandy loam. Subsoil of No. 39. Depth 12 to 36 inches. 

41. Susquehanna clay. Three miles east of Shubuta, Miss. Depth 0 to 4 inches. 
The soil of this type is a clay loam, sometimes containing gravel, and the subsoil a 
stiff, tenacious, red and mottled clay. It is formed from unconsolidated deposits of 
the Coastal Plain. The soil is very refractory and hard to cultivate and at present 
has very little agricultural value. The sample, both soil and subsoil, are typical. 

42. Susquehanna clay. Subsoil of No. 41. Depth 4 to 36 inches. 

43. Coxville fine sandy loam. Florence, S.C. Depth 0 to 8inches. The soil of 
this type consists of a gray to dark-gray moderately heavy fine sandy loam overlying 
a stiff, rather plastic clay, which ranges in color from yellow in the upper part to 
mottled yellow, drab, and bright red in the lower section. Small iron concretions 
and quartz gravel are sometimes encountered in both soiland subsoil. In productivity 
it is only fair. This soil is derived from unconsolidated deposits of the Coastal 
Plain province. — 

44, Coxville fine sandy loam. Subsoil of No. 43. Depth 8 to 16 inches. 

45. Coxville fine sandy loam. Lower subsoil of No. 43. Depth 16 to 36 inches. 


PREPARATION OF SAMPLES AND METHODS OF ANALYSIS. 


The preparation of the samples for analysis was essentially that 
described in the previous report * and the methods of analysis were 
those used in the analysis of silicate rocks followed in the previous 
work, and described in detail by Hildebrand.’ 

In carrying on this work the authors gave considerable attention 
to the limits of error in the more important determinations involved 
in soil analysis, and lest too much significance be attached to small 
differences they feel warranted in making the following statement. 
When working on the same sample of a soil of average composition 
the determinations of two analysts who have had experience with 
the methods used should not differ more than 0.50 per cent in the 
case of Si0,, 0.05 in the case of Ti0,, 0.20 AlLO,, 0.15 Fe,O,, 0.003 
MnO, 0.10 CaO, 0.15 MgO, 0.05 K,O, 0.05 Na,O, and 0.04 P,O,, 
these figures being percentage of soil, not percentage variation. 
Duplicates by the same analyst should of course agree more closely. 
Variations in the solubility of glassware were found to be a most fre- 
quent source of disagreement in CaO and MgO determination. 


1U.S. Dept. Agr. Bul. No. 122 (1914). 2U. S. Geol. Survey Bul. 422 (1910). 
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The method used for determinmg phosphorus was tested on 
synthetic mixtures, and as a result it is estimated that the figures 
given for phosphoric acid are within 0.02 per cent of the actual 
amount present. 

Blank determinations were made in all cases, and the silica and 
magnesia corrected for impurities. 
iron and alumina group precipitate had been found constantly so 
small in earlier work that no correction was made for it here. 


RESULTS OF ANALYSES. 


The quantity of silica in the 


The results of these analyses are given in the following table. 
The results are stated in percentage of the soil dried at 105° C. 


TaBLE 1.—Chemical analyses of certain American soils. 


[Analyses by W. O. Robinson and L. A. Steinkoenig; nitrogen determinations by Wm. H. Fry.] 


Great Plains Province. 


Glacial and Loessial Province. 


: Aa a Memphis silt 
Colorado sand. | OSWesosilt | knoxsiltloam.| Memphissilt | 105m “smooth 
loam. loam. aes 
Constituent. Dp . 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
0-14 14-36 0-14 14-36 0-14 14-36 0-6 6-36 0-6 6-36 
inches. | inches. | inches. | inches. | inches. | inches. | inches. | inches. | inches. | inches. 
iPAch PERCE heart PCE AUP ER CEU ie CLs eles GL PCE IO PAnCE 
76. 84 71.38 68. 74 76. 81 75. 95 81.13 73. 58 80. 78 72. 67 
0. 36 0. 68 0. 70 0. 70 0. 70 0.78 0. 80 0. 86 0. 79 
11. 09 12: 29 14, 45 9.73 11.16 8. 52 12. 25 8. 48 12. 80 
ay Pal 3. 63 5. 00 3. 26 3. 99 2.92 5. 02 3. 05 5. 58 
0.036 | 0.056) 0.057 | 0.068 | 0.067 | 0.027] 0.067] 0.036 0. 052 
1. 08 1. 09 0. 88 0. 92 0. 92 0.31 0. 36 0. 27 0. 26 
0. 62 0. 36 eal 0. 60 0. 74 0. 39 0.78 0. 45 0. 84 
2.57 2. 28 2. 20 2.10 1. 60 1.78 2.14 1, 84 2.08 
2. 06 1.14 ital} 1.74 1.74 0.52 0.71 0. 72 0. 56 
0. 09 0. 10 0. 08 0. 12 0. 10 0. 08 0.14 0. 10 0.13 
0. 20 0. 12 0.18 0.11 0. 02 0. 03 0. 02 0. 03 0. 04 
0. 07 0. 20 0. 13 0. 14 0. 06 0. 11 0. 07 0. 06 0. 05 
230 Uanlak 5. 49 4.09 PRU 3. 40 4.01 3. 20 3. 96 
River Flood Plains Province. | Coastal Plain Province. 
Cahaba fine ene eL ” | Norfolk sand.| Orangeburg | Orangeburg | Greenville 
é sandy loam. Tana y rf i sand. sandy loam. | sandy loam. 
Constituent. ; | 
Cra C2) GS ot ay 5) ah G6) Hee) ae L8)) i (19) C20)" 1 (CL): 1@22/) 
0-12 | 12-36 | 0-12 | 12-36 0-8 8-36 0-10 | 10-36 | 0-12 | 12-36 0-10 | 10-36 
inches. inches. |inches. inches. |inches.|inches.|inches. inches. |inches. inches. inches.|inches. 
MeN Ghca\uehan Challe 1Cbe NPE TCE aA ENCE Aa Mr Len CLain selere Chaat ebee Choa lt eee Chet |b sei Cbe | 9 Eo bay |W SEeACE: 
SiO, atel ere le eis 91.39 (73.25 |93.29 |91.83 |94.81 {97.01 |96.18. |91.86 {194.32 |77.20 /92. 42 73.03 
TiO, BONES ee fo ply 0. 52 0. 69 0. 42 0. 46 0. 51 0.53 02395 0.41 0.40 0. 66 0. 41 0. 70 
Al,O3 fl elie EM a 3.72 {13.79 2.45 3.83 ee ire ete Silt 1. 70 4.11 Parsee yl BPAs 45) 2.78 16.11 
Fe,03 BSC eee 0. 97 4.88 0.78 1.19 0.60 0. 52 0. 59 te 32 0. 85 3.18 1.55 5. 11 
icra es eerie 0.065 | 0.024 | 0.066 | 0.079 | 0.028 | 0.005 | 0.016 | 0.011 | 0.054 | 0.027 | 0.030 0.016 
(ORO) ie eee 0. 21 0.15 0.15 0.12 0.19 0.03 0.08 0.05 0.05 0.09 0.01 0.10 
MO sie ui) ah 0.09 | 0.34 | 6.01 | 0.09 | 0.01 | 0.01 |'Trace. |Trace. |Trace. | 0.08 |'l'race 0.23 
Oe Nh sy 0. 90 1.08 0. 45 0. 58 0.08, | 0.98 0.08 0.10 0.10 0.14 0.13 0.14 
INa Or ce eee 0.12 9.10 0. 03 0. 05 0.12. | 0.08 |Trace. |Trace. | 0. 29 0. 20 0. 26 0. 26 
P. Os 2 ENE 0.06 0. 05 0. 06 0.05 0.10 0.03 0.04 0. 04 0.05 0.08 0.05 0.06 
SO, BS a ee eee 0.06 0.05 0.10 0.13 0.08 0. 06 0.07 0.10 0.07 0.11 0. 02 0.05 
Nee eet 0. 05 0.10 0.05 0.03 0.05 0. 02 0.06 0.02 0.03 0.08 0. 02 0.03 
‘Loss on igni- 
THOM Cie eo 0d 5.18 2419) 1.61 4a eyes 0. 79 1.03 1.75 1.69 5.19 2.00 5. 46 
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TABLE 1.—Chemical analyses of certain American soils—Continued. 


Coastal Plain Province—Continned. 


| 
| 
} 


Norfolk fine | Norfolk fine Tifton fine | Ruston fine | Ruston fine | Susquehanna 


| sandy loam. | sandy loam. | sandy loam. | sandy loam. | sandy loam. PiePEBY 
Constituent. | setae 
a a 
| (23) | (24) | (25) | (26) | (27) | (28) | (29) | (80) | G1) | (82) | (33) | (34) 
| 0-10 10-36 | 0-16 | 16-36 | 0-12 | 12-36) 046 6-36 | 0-10 | 10-36 | 0-12 | 12-36 
inches. inches. |inches.|inches.|inches.|inches. inches. inches. |inches.|inches. eee 
| Poet. | Pick. | Pic | Pct | Pact. \P.ct:| -P. cb. Pic le sc) lee eee 
pie Se Meee see 95.54 {90.60 |92. af 89.04 194.15 176. a 95.51. |85.95 (90.22 |74.80 {90.90 | 67.55 
AT OSS eee Rs cays Neos ~ 1f0. 0:55)>] 0541. .) 0: 7 0.36 | 0.60 OraT 0. 82 
OR eae Sees i. (al o-es {5 75 | 5.36 | 1.67 {12.51 | 1.70 | 6.75 \s 26 jt. 9 { 59 | 16.08 
Ea ee a [0.62 |1.19 | 1.17 | 204 |0.94 | 401 |0.68 | 265 | 1.52 | 4.09 | 3.02 | 7.52 
Mn Osseo 0.020 | 0.007 | 0.007 | 0.003 | 0.026 | 0.006 | 0.017 | 0.008 | 0.020 | 0.009 | 0.024 | 0.008 
GEN Use ae) 0.06 | 0.03 | 0:03 | 0.01 | 0.05 | 0.07 | 0.12 | 0.12 | 0.06 | 0.02 | 0.11 0.16 
IMGO Exe. 2 -.\Trace. | 0.04 |Trace.| 0.07 |Trace.| 0.15 |Trace.| 0.18 | 0.01 | 0.04 | 0.09 0. 60 
KG OSse. ee 0:06}: 0.12 | 0.05 -'| 0-10" |. 0:10 |. 012 1 0.16 | 0:36 | 0:12 | 0.08 | 0:28 0. 66 
BAO), so eae 0.18 | 0.14 | 0.01 |Trace. |Trace. |Trace. | 0.04 | 0.04 | 0.14 | 0.10 |Trace. |Trace. 
P20; 2 eR elas 0.05 | 0.04 | 0.04 | 0.03 | 0.04 | 0.05 | 0.04 |0.05 | 0.05 | 0.07 | 0.04 0.05 
SO, 2 0.03 | 0.04 | 0.05 | 0.06 | 0.06 | 0.07 | 0.238 | 0.13 | 0.04 | 0.05 | 0.07 0.05 
RIN ed ahs ae he 0.06 | 0.02 | 0.04 | 0.05 | 0.04 | 0.04 | 0.07 | 0.03 | 0.05 | 0.03 | 0.08 0.05 
Loss on igni- | 
TION == ee 1:94 | 2.37 | 2.35 | 2.55 | 2501 |S. 1BON 149 | 3215 1) 3.59 95: 7 et 6.75 
| | 
Coastal Plain Province—Concluded. 
| | 
Susquehanna | Susquehanna Portsmouth 08 
He sandy fine sandy | fine sandy ge Coa a Com ee ey 
: oam. loam. loam. at 5 ; 
Constituent. | 
| ] pire | 
(35) (36) (37) | (88) | (89) | (0) | (41) | (42) | G8) | G4) | (4S) 
0-10 10-36 | 0-12 | 12-36 | 0-12 | 12-36| 04 4-36 0-8 8-16 | 16-36 
peeues inches. Pr pea ya inches.|inches.|inches. inches.|inches. inches. inches. 
| P.ct.| P.ct. | P.ct. | P.ct.| P.ct. | P.ct.| P.ct. | P.ct.| P.ct. | P.ct. | P.ct. 
SiO, seu) assesses 91.37 | 67.47 |91.17 175.04 |94.85 194.61 |76 67 |62.07 |92.92 |92.81 | 80.63 
RIOD 5 fee ee ee sa 2.78 0. 73 0. 4 0.82 | 0.56 | 0.56 1.02 | 1.00 | 0.84 | 0.96 1.16 
bg... Hee. See 14.88 | 3.65 [13.38 | 1.37 | 2.97 | 8.98 |18.45 | 1.19 | 3.65 | 11.08 
J 55 Segenssgeesaees + 3.00 9. 43 ileal 5.04 | 0.41 | 0.33 | 6.05 | 842 | 0.58 | 0.77 | 2.61 
MnO seo ee he S | 0. 013 0.006 | 0.068 | 0.007 | 0.003 | 0.002 | 0.097 | 0.013 | 0.010 | 0.005 | 0.005 
LS a eS ah ae ae | 0.04 | 0.10 |Trace. |Trace. |Trace. |Trace.| 0.40 | 0.37 | 0.05 | 0.08 0.08 
AD eno ew | 0.03 | 0.52 |Trace. |Trace. |Trace. |Trace. | 0.32 | 0.67 | 0.01 | 0.01 |Trace. 
ROE eee a cena | 0. 10 0. 46 0.12 0.16 0. 06 0. 02 0. 56 0. 76 0.08 0.06 0.08 ‘ 
LCs 6 oe a oe | 0.12 Trace. |Trace. | 0.01 0.06 | 0.02 | 0.01 | 0.02 | 0.12 | 0.05 0.14 
P20; Sas Coaedesateaene 0.09 | 0.10 0.04 0.10 | 0.05 | 0.06 | 0.06 0.05 | 0. 04 0. 03 0. 04 
Si Jas ee bess aeaaseso2= 0.08 | 0.07 | 0.08 0.04 | 0.03 0.03 0. 04 0.05 | 0.05 | 0.05 0.07 
Re” 3 Mes Fie a 0.93 | 0.03 | 6.05 | 0.01 | 0.05 | 0.03 | 0.07 | 0.05 | 0.08 | 0.02 | 0.07 
Loss on Se aad Pi ye te Wl 1 Aree Ua 5.31 | 2.26 5.42 | 8.09 | 4.46 | 1.63 4.36 


— 
for) 
_ 


The previously published data, to which reference has already been 
made, and which it is proposed to discuss in connection with the 
analyses presented in the foregoing table, comprise the analyses of 
twenty-four samples, representing twelve soil types distributed in 
four soil provinces. 

The results of these analyses, for major constituents only, are pre- 
sented in Table 2. 
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TaBLE 2.—Chemuical analyses of certain American soils. 


[Analyses by W. O. Robinson.] 


. 

| -Constituent. 
§ Province and type. | Depth. 
SiOs. AlsOz. | FeoO3. CaO. MgO. K20. | NaoO. P2205. SOs. 


| Coastal Plain: 
J Norfolk sandy 


loam— Inches. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perict. 
SOnl ee ree auc 0-14 94. 50 DAO, 0. 83 0. 39 0. 09 0.10 0.11 0. 06 0. 07 
Subsoil......| 14-36 | 85.30 8. 82 1.91 .38 .19 SL? .07 -04 alg} 
: Limestone Valleys: 
Decatur clay 
] loam— x 
Sousa c=. 0-4) 79.35 8. 89 4.44 - 63 .39 - 67 .24 -18 ils} 
Subsoil 4-15 | 74.81 12. 80 5. 28 - 40 .33 ath .16 sr lf5) -19 
| Hagerstown 
loam— 
Sousa’ 0-8 | 70.99 | 11.39 4.23 .93 1.08 paral - 82 .19 .34 
; Subsoil...-.- 8-24 | 66.49 | 14.80 5. 99 230 1.93 3. 58 - 66 -16 ~14. 
Glacial and Loessial: 
| Volusia silt 
oam— 
Soule ee tes O- 8] 75.12} 10.49 4.13 -49 - 48 1.40 . 90 .18 - 09 
Subsoil.....- 8-36 | 74.64 | 12.26 5.01 sot -90 1.99 .99 15 -10 
Marshall silt 
loam— 
Sollessc ae. 0-15 | 75.61 9.67 3.54 1.08 SG 2.28 1.03 a2 Say 
Subsoil..-..-- 15-36 | 71.48 | 13.44 4, 28 1.40 1.28 2.03 -63 16 14 
Gloucester stony 
oam— ; 
SOU aa oe (ONS i iGo:08e|) 1415: 5.67 1.36 . 83 DEG 1.39 ph AIT 
Subsoil.-..-.- 8-36 | 73.80} 18.24 4.37 1.19 . 39 22.2, 1.75 ail -03 
Piedmont Plateau: 
Cecil clay— | 
Sovewien S22) O=96ul) 66249) ee ot: 7.43 - 36 ol - 62 .16 alle 07 
Subsoil....-- 6-36 | 44.15! 27.58 | 16.23 -44 - 09 - 61 15 ald -07 
Cecil sandy | 
loam— 
SOM ee ee ae se 20-1871 88. Or 5. 76 155, .39 BAL . 82 .16 -08 - 04 
Subsoil...... 8-36 | 55.69 | 24.42 8.83 - 40 . 29 1.06 .14 -07 - 09 
Durham sandy | : : 
loam— | 
Soniienererine 0-10 | 80.79 | 10.55 1.61 . 89 19 3.96 87 ~ 12 - 06 
Subsoil....--| 10-36 | 69.35 | 18.04 3. 42 72 29 3.34 89 -12 . 06. 
ork silt loam— 
S{oyU hare al as een | 0-10 76. 71 12.85 2. 81 .08 . 29 3. 26 .39 -05 a2, 
Subsoil......| 10-22) 74.38 | 16.31 2.56 ABAL -38 4.07 . 30 05 14 
Louisa loam— 
SOuUm i arse 0-12 | 84.58 5. 54 3.30 21 425 . 74 .14 12, Bp ies) 
Subsoil...... 12-30 | 74.99 | 10.90 6.75 . 26 .32 297 28 ELS .16 
Penn silt loam— 
Solum eae. QO 9] 74.33} 11.00 4, 64 sep i} . 69 157 153 .16 -15 
Subsoil-..... 9-24 71.76 14.36 5. 82 Ne (ies 1. 06 1.50 1. 54 -10 -10 
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PETROGRAPHIC EXAMINATION. 


In the samples analyzed a search was made by the petrographic 
method for the presence of the more important soil minerals. Those 
sought for and their formulas are: 


Quartz=Si0,. 

Magnetite=Fe,0,. 

Orthoclase= KA1Si,03. 

Microcline=KA18i,03. 

Biotite=About (H, K).(Mg, Fe),A1,Si,0,5. 

Muscovite=A bout H,KA1,8i,0,,. 

Plagioclase=Isomorphous mixtures of NaA1Si,0, and CaA1,Si,Os. 

Hornblende=Chiefly Ca(Mg, Fe),Si,0,, with Na,Al,Si,0,, and (Mg, Fe),(Al, Fe), 
Si,O jo. 

Epidote=HCa,(Al, Fe)3S81,0)3. 

Titanite=CaTiSi0,. 

Garnet=R, R,(SiO,)3 in which R is Ca, Mg, Fe, and Mn, and R is Al, Fe, and Cr, and 
rarely Ti. 

Apatite=(CaF) Ca,P,0,.. KF may be replaced by Cl. 

Zoisite=Ca, (AIOH) Al, (Si0,)3. 

Cordierite=H,(Mg, Fe),A1,S8i,.037. 

Chlorite= Probably a mixture of H,(Mg,Fe),Si,0, and H,(Mg,Fe),A1,SiO,. 

Cyanite=A1,Si0;. 


‘Sillimanite= A1,Si0,. 


Tourmaline=A complex silicate of B and Al, with Mg, Fe, or the alkali metals prom1- 
nent. 

Rutile=TiO,. 

Zircon=ZrSiO,. 


This search, 1t should be understood, involved an examination 


-of a reasonable number of subsamples and the expenditure of a.rea- 


sonable time, the results being relative rather than absolute. Expe- 
rience in this work supports the conclusion that by extending the 
search indefinitely, nearly all the minerals sought would be found in 
traces in most souls. 

The results of the petrographic examination are presented in Table 
3. In this table P. indicates that the mineral is plentiful, S. present 
in small amounts, VS. in very small amounts, T. in traces. A plus 
(+) or minus (—) sign after a letter has the usual significance. 

The petrographic method as at present developed throws no light 
on the mineral character of soil material finer than silt, and as a 
consequence not only does it fail to give any information regarding 
the chemical character of that portion of the soil that probably is 
most reactive chemically, but may give rise to apparent discrepan- 
cies when the petrographic data are compared with the results of 
chemical analysis. 
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TaBLE 3.— Mineralogical analyses of soils for which chemical analyses are given in Table 1. 


[Petrographic examination by Wm. H. Fry.] 


Province and type. 


Great Plains province: 
Colorado sand, 0-14 
14-36 


Glacial and Loessial province: 
Knox silt loam, 0-14 


623682 se 
Memphis silt loam, 0- 6...... 
6=368s 542 

River Flood Plains province: 
Cahaba fine sandy loam, 0-12. 
12-36 


Cahaba fine sandy loam, 0-12. 
12-36. 


Coastal Plain province: 
Susquehanna clay, 0- 4 
6 


Orangeburg sandy loam, 0-12. 
12-36. 

Greenville sandy loam, 0-10. 
10-36. 

Norfolk finesandyloam, 0-10. 
10-36 


Norfolk finesandy loam, 0-16. 
16-36. 
Tifton fine sandy loam, 0-12. . 
12-36.. 
Ruston fine sandyloam, 0- 6. 
10. 
Ruston fine sandyloam, 0-10. 
10-36 . 

Susquehanna fine sandy 


loam, 0-10 


LOAM OATES Re ee AN ee 


sch eRacr aS 


ny 


ae Cre Oe ie er rl 


t 


5 Garay le o : co) 
MOM |i 3 Giboge ly ie) & 
= alice ail ee eS Aca) 4 eval ucse te ieSe Poel ee 3 
SISiISISISPS Slelislsi2lsiaisig 
SL REIL stoll teil eae RONEN IS ai STS Hae oh a Sia estat 
TP se S| ey) eet relses W ered Se toc | eek) ep i es Nn ei Al pen) 
Shel pee alee lp RSP U RS st NI Ss ves NSen ISS Ire tics UL TEs 
SOS Ia ree alata la lola | alae is 
GRR IS NASI ASE Pleas eeecl acer i pigd Bese tenn 
Pe RE SouIMS AVS! TAS Sl | Oa es SOS ero 
A ees | ARs eal WAS). |\VS.|/VS.|VS.| T. | SO NAS | ee 
ay esas VSH ViSuiVS. | mill 10 [vs 3. 
MD SSC Ae ests is ANU AN NASA elles See as) be 
AU SOE NAS AR 2 Nd Ba ne Ne pe Seah Sd by 
Soe eeal Sse vials VS.|VS.|VS.| T. ANNES SS - 
TRS eo Pee ee tS =the 2% Ba Asa) MRM eS AABN SS 2 | oct 
NS .|VS.|VS.]. Oe pA Bld Best be rae al NZS ees 
ASE iSk .| VS.) S. 56 RY Ee ol Decl eee a ese | VASE eae 
ALLA Selyol. et VISE A od La et Re Bab oA Da es A tid Ne 
[Be VISE (aes BES VIS: .|T—)....|T— SN NSS Es 
T.|VS.|T— Bae I ge AY EA NM Ne 
van WVAS 3 [eee hs ADA A ES ee OI Eas AAS ose as 
es GNU a ee De OSU | Gan eA as | ANS aos SOARS INES) dh 
(Waa Dk BMS Sea a INE eae BR EN SEA ea Bealsseel |e bad WaSia hae 
yD Hare | onl AACR EUS ee a | ee NN Hore Baa bed Dic htt Be 
Hf A eA cg ae SME fn Hea A LE a NT cd 
DSSS eh CO as eg anal I ey Se Byes [avec faba Dean Dsl ard Be 
MS LA a HRS Se AER eal ene ERAS RR PE ee Se el he bes tical bet ard Be 
ree ed hala See aT Nae as Ns Ni AM Mat at 
AP [Pave seul fen alae Sa LO esas aida TN cable Seat file 2 WONINAS ees De ys 
INR A NN has SL | Vo Ke ae POP eI MMe A Dene a 
UTR AIS Ss IR 23S | eA A Bae US ERAN ER sk Scary fake RGM Wk Bc WA Ds 
PIS eae AUS PAP HOCH oS a aN eb aa de eC EE De pd Die td Deel bed 
NSA ik A Te a Sa OS A id Se EPS STIMU SNS: | ees 
DNS et) SPR DN bg a EAR Te CLASSE | Soicte a a eS A A 
a ae ek A 9 Ba 1A I SA Le a He Ea Le SR: Mas 
ot Te | De WEregen ie ee CUE Bea aire a a oy Vd Wes) iad el id We 
LD alee RRMA ea na aT Selby (Nd Ben leane, ase ste Vs.| T. 
oneal Us fea eee eae PRUE RAMEN lieth Sn I NTF 
TDS 3 | eae (ee SS Tid be ict es BW es Biba Vi es ea a1 De Pe Bo el 
AD eeeeall Rach eA algae le Bi 8 Monat oe Ot ane aa Pa Pl Ws nD 
FIVE: WEAN | etence PMTs i Bed te Fes rae | atone lhe a 
Abarat. el Ball Na sil ean car Dee atl Wd bat Be 
aes, AS reat hee hae | 2 Nau Ran P| espe ea aa WSS BE | 12 
T-|. se (VI tI ciel te AVA ea eee UN | PE Te SE BV RA ed NS 
PES ee gil ey nae ANE st BA I as Hepsl es n) Wa Bal Tain Net 
AEA Mee Pell Coat SR RAT INZASS al egaapats | ete eer is che Bt ced ined Deel A UT Be 
ANA i MF Ts SAIN Be GRO VD Ts a fea ea Dad Deo Did 
SO Dp TER ATS 0 tg ea 0 FV BO ba Par ee Na Wd 
AE il Dc EA a ae FN AAA eb T-— AAR ae le Rl Ba al 
GLY ai eas el lesa Ha A Bee les Pa So Hao yee ae aoe ast a A er 
FTES POTS ele AURA PS ea Ma aT Cee bi | en Aaa aes Fel DENA Bs 
I abl ale cl asi neous yd al ay WANE Pa ue | Ete sul BEDS 


In addition to the minerals mentioned in the table, a few others 
were sought but found once or twice only. These were: Garnet, a 
trace only, in the subsoil of Knox silt loam; apatite, a trace only, in 
the Cahaba very fine sandy loam; zoisite, a trace, found in soil of 
Knox silt loam, and the lower subsoil of Coxville fine sandy loam; 
cordierite indicated but not conclusive in subsoil of Greenville sandy 
loam; and chlorite, a trace, found in the subsoil of Susquehanna clay. 


DISCUSSION OF DATA. 


Preliminary to any discussion of these data it should be observed 
that they are still too meager to warrant conclusions regarding many 
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phases of soil composition concerning which it is extremely desirable 
to reach conclusions, but with this limitation in mind it is thought 
that the following topics may be discussed from the point of view of 
chemical composition: Relation of soil to subsoil; extreme variation 
in composition; variation in sous of the same province; variation in 
soils of the same type; and the relation of the limit of error in analysis 
to quantities of constituents. 


RELATION OF SOIL TO SUBSOIL. 


It has been commonly observed that where there is a distinct sub- 
soul, differing in color and texture from the surface soil, there may 
be a marked difference in the chemical composition of the two and 
that this difference is most marked in the content of silica, iron, and 
alumina. Usually it is found that the silica is higher in the surface 
soil and the iron and alumina in the subsoil. 

The analyses presented here are in accord with this experience. 
Thirty-four locations are represented by soil and subsoil, and in all 
but two cases the silica is higher in the surface soil. The iron is 
higher in the subsoil in all but five cases, and the alumina in all but 
one. | 

Allowing a limit of error for all determinations of 0.05 per cent 
and regarding all figures that do not differ by more than 0.05 as equal, 
the relations of soil to subsoil in composition are summarized in 
Table 4. 

In this table are stated the number of locations where soil and 
subsoil are the same in composition with regard to any constituent 
and the number of locations where they were found to differ by 
amounts of 0.05 to 0.5, 0.5 to 1, and more than 1 per cent. 

TaBLE 4.—Comparison of soils and subsoils, as regards chemical composition. 
Group. | SiO». | Fe:0>. eco Cad. MgO. K,0. | Na2O. | P.Os. | SOs. 


| 
| 
Soil higher, more than 1 per | 
9 


COT ee pe eh Ns eh 28 1 
Soil higher, 0.5 to 1 per cent.. 3 
Soil higher, 0.05 to €.5 per 

Pci ed AN seen aati St: 1 | 4 
Soil and subsoil equal.......|.....--- SoBe eee 
Subsoil higher, 0.05 to 0.5 | 

PCL COM cess | ei coe ae eee ee eer 
Subsoil higher, 0.5 to 1 per 


Subsoil higher, more than 1 
Der Cents S48 os A See Ze 1s 


EXTREME VARIATION. 


The soils analyzed represent a wide variation in kind of material 
from which they have been derived, processes of formation, topog- 
raphy, and present climatic conditions, and probably represent for 
some of the constituents nearly the extremes in composition of soils 
in this country. 
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The extremes in composition with regard to major constituents are 


as follows: 
Per cent 
PS See STG se lA ANN SHCA 97.01 to 44. 15 
onmehes@se fs. cue. seme er ya YS a Raa gear Ste ee oY 16) 23to (0133 
putnam VAR Obi mens OY aie na EEE eS A Eh i Ze OS ton ls 
MP OtashM Orn ky bee kl Aca tee es TC Be hie 4.07 to 0.02 
Sagal EOE AOE We USAIN es ee mean Pi 2.06 to 0.01 
Tiere Cop OSs INN Se OURS Res BPO BN ice AM ee Lea tor. O20 
RMierermesicaey Vio On es pony ton) eu ied ay eee 1.93 \to,2.0, 01 
pmosminonicracids tes. Nel) MAO Ree ele ee ose 0.22 to 0.03 
SOME ACT MOO Ue Net A Mee be ee Ny oi 0.34 to 0.02 


There were 9 samples in which there were but traces (less than 
0.01 per cent) of soda, 13 with but traces of magnesia, and 4 with 
but traces of lime. 

In discussing the extreme variation shown in the samples analyzed 
the authors wish to avail themselves of general information they have 
regarding soil composition, based on partial analyses of other samples 
not here reported, and hold to the followimg opinion: 

The maximum and minimum figures for silica, iron, and alumina 
stated above, while probably not the maximum or minimum of soils 
of the United States, are probably nearly so, and soils exceeding this 
maximum or not reaching this minimum in content of these con- 
stituents are not often met, except in the case of quartz sands on 
the one hand and muck soils on the other. 

With regard to potash the same statement applies, although to a 
less extent. No soils have been encountered in these laboratories 
having less than 0.01 per cent K,O, and while there are soils con- 
taining more than 5.0 per cent K,O they are not common. 

Less is known regarding the true maximum and minimum of soda 
content, for the reason that so few soils have been completely analyzed 
and: there are few available data for this constituent. It is probable 
that in humid regions the maximum soda content of soils is consid- 
erably less than that of potash, and instances where but traces are 
present are not uncommon. , 

The results for lime and magnesia, while representing the minimum, 
are far from the maximum. Soils derived from calcareous material 
and as yet unleached may, of course, be very high in both lime and 
magnesia content, but even where there is little or no carbonate 
present the total content of lime and magnesia may each be above 5 
per cent. 
| The figures for phosphoric acid do not represent the maximum or 
minimum. It is not uncommon to encounter soils containing 0.01 
per cent, and soils containing as high as 0.8 per cent are often found, 
although generally confined to small areas. 

The knowledge of the total sulphur content of soils is not extensive 
enough to make any general statement regarding the maximum and 
minimum content. : 
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It should be borne in mind in this connection that soil provinces 
may include soils derived from very different materials under very 
diverse climatic conditions, and the number of samples is far too small 
to permit any but the most general conclusions. 

The least variation is found in the Great Plains and Glacial and 
Loessial provinces, and the greatest in the Piedmont Plateau, and wide 
variation in potash and soda is usually accompanied by wide varia- 
tion in lime and magnesia. Phosphoric acid is remarkably uniform 
im each province, and in the Great Plains with a variation of 0.11 
to 0.08, the River Flood Plains 0.06 to 0.05, and the Limestone 
Valleys 0.19 to 0.15 per cent the variation is not as great as might be 
obtained in duplicate analyses of the same sample. Therefore, so far 
as each of these provinces is represented by these samples, they may 
be said to be uniform in phosphoric-acid content. 


VARIATION IN SOILS OF THE SAME TYPE. 


In this ‘series of analyses few types are represented by more than 
one sample, but comparing in some cases sandy loams with fine sandy 
loams, the variation in major constituents in soils of the same or 
approximate textures is shown in Table 6: 


TABLE 6.— Variation in chemical composition of samples of the same type or of types of 
approximate textures. 


Type. SOW hilabies On ALO) ik CaOur |") MeO .0\ KO | NaiO.1 |) sR sOs1 |.) SOx 


Memphis silt loam: |Per cent. |Per cent. |Per cent. |Per cent. |Per cent. |Per cent.|Per cent. |Per cent.| Per cent. 


ipa eh pega SMA A 81.13 2.92 8. 52 0.31 0.39 1.78 0.52 0.08 0.03 
7A ENS SAD ne A 80. 18 3.05 8.48 .27 ~45 1.84 Set -10 . 03 
Cahaba fine and 
very fine sandy 
loam: 
Dips Rees Wings aco RUA 91.39 97 B74 21 09 90 1} 06 06 
Pei OE A Sane ae aye 93.29 - 78 2.45 Bp 5) 01 45 -03 06 10 
Norfolk sandy and 
fine sandy loam: 
| Yate SESS COPA A Ae ie 94.50 . 83 Qh OM .39 09 -10 11 06 07 
eh es LSA Se eG 95. 54 -62 1.70 -06 | Trace - 06 18 05 03 
i See Wake Sa ee ea 92. 87 1.17 2:15 .03 | Trace -05 Ol 04 05 
Ruston fine sandy 
loam: 
Te ie Te Ets ay cee 95. 51 .68 1.70 .12|} Trace 16 04 04 23 
Da gy) a Ui arabiig =) ys 90. 22 1.52 4.26 - 06 Ol 12 14 05 04 
Susquehanna fine 
sandy loam: 
1 FAVE air a ae Rp 90. 90. 3.02 2.59 Salad .09 .28 | Trace. . 04 -07 
Pay ES le a sas 91.57 3.00 2.78 . 04 .03 .10 |} Trace. -09 - 08 
OU Ee 91.17 1.31 3.65 | Trace. | Trace. .12| Trace. 04 -08 


It will be observed that the two samples of Memphis silt loam taken 
a few miles apart in the same State are so nearly alike in composition 
that they could very well be considered duplicates of the same sample, 
and the same is true, perhaps to a less degree, of two samples of 
Susquehanna fine sandy loam, No. 1 and No. 2, taken in Texas and 
Mississippi, respectively. 

On the other hand, samples No. 2 and No. 3 of Susquehanna fine 
sandy loam differ considerably in iron and alumina, and the samples 
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of Ruston fine sandy loam differ markedly in iron, alumina, and sulphur. 
Still further, on comparison of soils of different types, it is possible 
to choose two or more that agree quite as closely as any two of the 
same type. This is brought out in Table 7. 


TaBLE 7.— Variation in the chemical composition of soils of the same texture but of differ- 


ent series. 
| | | | | | | 
Type. | SiOz. | Fe20s. | AlsOz. | CaO. | MgO. | K20. | Na20.| P20s. | SOs. 

| | | | 

| Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per cts| Perck 
Norfolk fine sandy loam..... 95. 54 0.62 1.70 0.06 | Trace. 0.06 CHS s0l 05 0.03 
Ruston fine sandy loam... -. 95.51 68 1.70 .12 | Trace. 16 -04 | . 04 . 23 
Tifton fine sandy loam....-..| 94.15 94 1.67 .05 | Trace. -10)} Trace. - 04 - 06 
Portsmouth finesandy loam.| 94.85 .41| 1.37 | Trace. | Trace. . 06 .06 -05 .03 
Memphis silt loam........--- 80.18 3.05 8.48 2d 0.45 1.84 ie .10 - 03 
Decatur clay loam-.-.-.-..-.--- 79.35 4.44 8. 89 -63 39 -67 24 .18 ae 
Oswego silt loam..........-. 138-497 3263 [D291 $4994 4 3658): Deana ae -10 fig 
Hagerstown loam....-.....-- 70. 99 4.23 | 11.39 - 93 1.08 Pag fit 82 2195} .39 


Probably no one has ever seriously contemplated classifying soils 
on the basis of their chemical composition alone, but it seems probable 
that soils that are alike in color, texture, relation of soil to subsoil, 
and formed by the same agencies, in other words, having such similar 
characteristics that they would be given the same type name by 
field observers, should have some chemical resemblance. The sotis 
just compared, the analyses of which are more or. less alike, are soils 
that because of characteristics other than texture have been given 
| distinct type names; but how wide the variation of a single type may 
| be in chemical composition, or whether some types should be sepa- 
| rated into two or more because of chemical differences, or two or more 

types amalgamated because of chemical resemblances, is a matter for 
| future investigation. 
| 


LIMIT OF ERROR IN ANALYTICAL WORK. 


limit of error in the analytical work involved in the analyses here 
presented and discussed. it was stated that what was meant by 
i limit of error was the allowable variation in results obtained from the 
same sample by two analysts familiar with the method used. 
| Several factors may contribute to this error: Lack of uniformity 
4 of sample, impure reagents, contamination from glassware or other 
| utensils, and, finally, the error incident to the method, which may be 
of both a personal and chemical nature. All except the last may be 
| 
| 
| 


| 
| Earlier in the paper the authors stated what they considered the 
i 


nearly eliminated by care and blank determinations. 

All analytical results are a compromise, usually arrived at by 
taking advantage of the solubility of compounds to be removed 
and the relative insolubility of the compound to be recovered and 
determined. No compound is absolutely insoluble, and when rela- 
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tively large quantities of easily soluble compounds have to be washed 
from a relatively small quantity of a ncaa insoluble compound, 
an appreciable quantity of the latter may be lost before all of the 
former have been removed. As an example, m the fusion analysis 
of a soil after removal of the silica there remains an acid solution of 
all the bases with a large excess of sodium chloride. In the pre- 
cipitation of calcium as calcium oxalate, it is necessary, of course, 
to remove this excess of chlorides, and olloiern oxalate being slightly 
soluble, some is lost and may or may not be recovered lene in the 
sual The personal factor of judgment comes in at this point 
and will explain many discrepancies. 

The limits of error stated apply to analyses of soils of average 
composition by the fusion method. It is not meant, for mstance, 
that the limit of error in all CaO determination is 0.10, for in aie 
case of a dilute acid extract of a soil where the only excess of salts 
introduced is ammonium salts, the error ailowed should be much 
smaller. 

One of the reasons for drawing attention to this matter here is 
the practice in some quarters of publishing soil analyses in terms of 
pounds per acre. Such results are presumably based on an average 
of several analyses, but the variations of such analyses usually do not 
appear. 

Assuming that an acre of soil 6 inches deep weighs 1,750,000 
pounds, the limits of error stated when calculated to pounds per acre 
6 inches deep would be as follows: 

CaO limit 0.10 per cent or 1,750 pounds. 


K,0O limit 0.05 per cent or 875 pounds. 
PO; limit 0.04 per cent or 700 pounds. 


Stated in another way it would appear as follows: Suppose a 


soil on analysis gave K,O, 0.50; CaO, 0.30; P,O;, 0.08, allowing the 


above limits of error, the composition might be: 3 
Per cent. 


PR (Cn 2 SI ale tl nda an leh rea aE a 0. 525 or 0. 475 

OO aye oo OT TIOR 0.35 or 0. 25 

Eu OMMM ME a a Del coeuipe le 0.10 or 0.06 
Or in pounds per acre 

Oem 9, 187.5 or 8, 312.5 

COU 5.08, Se aS Ale ee AS Si apes er rer 6, 125. or 4, 375 

JP asl al a Lips ule Cs Sg MRIS Tan ep SR a Zo0iy or L050 


It is quite plain then that toc much significance should not be 
attached to differences of a few hundred pounds of any ingredient 
when the composition of a soil is expressed in pounds per acre, not 
because the actual presence or absence of such an amount ee not 
have an effect, but because the statement based on chemical analysis 
may depart that much from the actual fact. 
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SUMMARY. 


In this paper there are presented the complete analyses of 45 
samples of soil, representing four soil provinces. These, together 
with the analyses of 24 samples previously published representing 
also four provinces, are discussed from the poimts of view of extreme 
variation of all the samples, variation in composition within a soil 
province, variation of the same type, and the bearing of the hmit 
of error in analysis on the interpretation of analytical data. 

It is thought that the analyses discussed represent nearly the 
extremes in composition of sous in the regions in which the samples 
were taken. Marked resemblances in composition of soils from the 
same province are pointed out. It is shown that some samples of 
the same type differ considerably in chemical composition. It is also 
shown that some soils of different types may resemble each other 
in chemical composition as closely as different samples of the same 
type. 

It is pointed out that the unavoidable error in analytical operations 
is in many cases of such magnitude that when analyses are stated in 
pounds per acre differences of several hundred pounds of some con- 
stituents are not significant. 
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